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INTRODUCTION
A long-standing question concerning cellular and molecular 
biologists has been the mechanists of action of steroid hormones* 
After years of intense research) a general model for steroid 
hormone effects on gene expression has been developed) This 
model proposes that hormones, upon passing through the cell 
membrane into the cytoplasm of the target tissue) encounter high 
levels of proteins capable of stereospecific high affinity hormone 
binding (1)2). The binding of hormone to the receptor results in
"transformation" of the receptor to a form with a high affinity 
for nuolear components. The receptor then translocates into the 
nucleus) binds to chromatin) and exerts its nuclear effects. 
Although several deviations from this model occur in some 
experimental systems (3 )> an important question being rapidly 
pursued is how the hormone receptor binds to chromatin and how 
these dramatic nuclear effects occur. With the development of 
reoombinant DNA technology) a detailed description at the primary 
sequence level of the structure of a number of regulated eukaryotic 
genes has been possible. However( while it is now possible to 
describe the structure and sequence of eukaryotic genes in explicit 
molecular terms) the lack of further technological advancement 
has hindered the identification of the proteins which regulate 
most developmental processes. Thus, despite remarkable advances 
in our understanding of the organization of eukaryotic genes) the 
mechanism by which eukaryotic gene expression is regulated remains 
one of the major unresolved questions in biochemistry and 
molecular biology.
A well-studied system which provides a model for regulated
gene expression in eukaryotics is the estrogen induction of 
vitellogenin gene transcription in liver cells in male Xenonus 
laevls. Vitellogenins are egg yolk precursor proteins which are 
naturally synthesized in the liver of female toads as high 
molecular weight precursors, secreted into the serum, and taken 
up and processed by the ovary (4). The vitellogenin mRNAs are 
transcribed from a small gene family composed of four related 
genes, each of which is approximately 18-20 Kb in length and 
contains at least 33 intervening sequences (5). Examination of 
the kinetics of vitellogenin mRNA accumulation during primary and 
secondary estrogen stimulation has resulted in three major 
conclusions (6-9). (Primary stimulation is defined as the 
administration of estrogen to liver cells which have never 
expressed the vitellogenin genes before, and secondary stimulation 
is the administration of estrogen to liver cells which are inactive 
in vitellogenin mRNA synthesis at the time of restimulation but 
have previously expressed these genes.) There is no detectable 
vitellogenin mRNA in unstimulated liver cells c.r in liver cells 
withdrawn from estrogen for an extended period of time, and in 
the primary response there is a lag of several hours before 
vitellogenin mRNA begins to accumulate in cells. However, in the 
secondary estrogenic response, there is essentially no lag and 
mRNA is detectable in cells as little as one hour. Also, the 
rate of vitellogenin mRNA accumulation is approximately four times 
greater in secondary estrogen stimulation than in primary estrogen 
stimulation. Although the vitellogenin system has been fairly well 
characterized, the enormous size and complexity of this gene 
family has so far made it impossible to use modern genetic 
techniques to study vitellogenin synthesis.
Because of the difficulty of characterizing the molecular 
ir^chaniame involved in expression of such a large and complex gene 
familyi a prejeet was designed which would involve the identification 
and characterization of a smaller estrogen-regulated gene. This 
project was stimulated by the discovery in avians of an estrogen- 
regulated apo very low density lipoprotein (apo VLDL II) containing 
two identical polypeptide chains, each 82 amino acid residues 
long, with a monomer molecular weight of 9*500 daltons (1 0 ).
Plasma lipoproteins contain varying proportions of protein and 
different types of lipid which are not covalently joined but are 
held together largely by hydrophobic interactions between the 
nonpolar portions of the lipid and the protein components. The 
genomic DNA coding for apo VLDL II has recently been characterized 
and has been shown to contain at least four coding regions 
separated by a minimum of three intervening sequences (1 ^,1 5 )*
Since the induction of vitellogenin mRNA in rooster follows a 
similar time course as that in Xenopus (1 1 ,1 2 ), and apo VLDL II 
is induced in a similar way to vitellogenin with the expression 
of both genes being totally dependent on the administration of 
estrogen (13)* it was hypothesized that Xenopus would also have 
a small, estrogen-inducible protein analogous to the avian 
system.
Studies of plasma VLDL levels in avians have shown that at 
the onset of egg production or after administration of estrogen, 
there is a dramatic increase in plasma VLDL (16) followed by the 
development of atherosclerosis in the animal <17,18). The 
importance of understanding the structure and metabolic regulation 
of VLDL is demonstrated by the association between hyperlipo- 
proteinemic states and the development of cardiovascular
disease (19)• The importance of estrogenic hormones in human 
VLDL metabolism is evidenced by studies which have shown plasma 
triglycerides and VLDL to increase during therapy with estrogen 
containing contraceptives (20), The increased incidence of 
cardiovascular complications associated with estrogen therapy (21) 
emphasizes the need for a detailed understanding o f  VLDL 
metabolism and the alterations which occur in response to estrogens.
The purpose of the project recently initiated in this 
laboratory is to identify the nucleic acid sequences anu proteins 
which mediate differential gene expression through the use of 
modern molecular biology and biochemical techniques. This 
project, which involves several years of intense work, requires 
first the iaentification of a relatively 3mall, estrogen-regulated 
gene from Xenoous laevis liver, followed by isolation and 
characterization of its cDNA and genomic clones. The characterization 
of the estrogen induction of its mRNA by hybridization to the 
cloned probe can then be performed. Analysis of the 5* flanking 
region for sites hypersensitive to DNase I digestion and 
determination of the methylation pattern of the regulated gene 
in DNA from unstimulated and estrogen stimulated cells will be 
done. These experiments were stimulated by the observation 
that genes which are undergoing active transcription appear to 
possess a unique chromatin conformation which is reflected in 
enhanced susceptibility to digestion by DNase I and micrococcal 
nuclease (22-24), Also, in a number of developmentally regulated 
systems, a strong inverse correlation between the level of DNA 
methylation and the expression of the genes i£ vivo has been
observed. The striking correlation between the decrease in
r
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5-methylcytosine content of specific genes and their developmental 
activation led Razin and Riggs (25) to propose that demethylation 
of DNA provides a fundamental mechanism for specific gene 
expression in differentiation. However, in several systems in 
which DNA replication is not required for changes in rates of 
gene expression, no changes in DNA methylation have been observed 
on gene activation. Thus, it would be of significant interest 
to examine the methylation pattarn in the 5 * flanking region and 
determine if any correlation exists to any DNase I hypersensitive 
sites.
The construction of a series of cloned deletion mutants in 
the 5* flanking region of the estrogen-regulated gene will be 
performed followed by analysis of the transcriptional accuracy 
and efficiency of these deletions following micro injeetion into 
the nuclei of Xenopus oocytes. This procedure will help determine 
which nucleic acid sequences are important for proper transcription 
This experiment is additionally sign!ficant since transcription 
is performed in a homologous whole cell system. Thus, one can 
be fairly confident that the sequences shown to be important 
in transcription in the homologous Xenopus oocyte system function 
in a similar way in yjvo in Xenopus liver cells.
This research project describes the Identification of two 
estrogen-regulated proteins synthesized in the liver of Xenopus 
laevvis. The identification of these two proteins enabler further 
work to be performed to pursue the goals described in the above 
project. Isolation 01 the messenger RNA coding for these two 
proteins is described along with the development of an assay 
enabling selection of recombinant plasmids which contain the
' .  t e .
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cDNA complementary to its respective mRNA. Thus, this project 
describes some of the initial work involved in a long-term 
project whose eventual goal is to determine the nucleotide 
sequences and pro te in factors involved wi th a hormonally 
regulated gene.
7METHODS
1, Estrogen Stimulation of Xenopus laevis. Male toads 
(Met* Inc., Ann Arbor, Mich.) were anesthetized by placing them 
in ice-water and 1 . 0  mg of estradiol-l?p in propylene glycol was 
injected into each of their two dorsal lymph sacks, In chronic 
estrogen stimulation, male toads were injected a total of three 
times. The first two injections are spaced about 3 days apart 
while the third injection is 1 0 - 1 2 days after the second injection. 
Mild induction corresponds to a single 2,0 mg injection of 
estradiol-17^ (2 6 ),
2 , Collection of Xenopus Serum. Uninduced and induced male 
toads were sacrificed by decapitation and serum was collected for 
1-2 minutes in a solution of IX PBS (0,01 M Na,,HP0^, 0,15 M NaCl, 
pH 7*5)» PMSF/Benzamidine (20 ug each/ml serum), and heparin
( 1 0 ug/ml serum). Serum was centrifuged at 16,300 x g for 10
ominutes at k' C and the supernatant was frozen in liquid nitrogen 
until analysis*
3* Cel Electrophoresis and Protein Analysis. Analysis of
3v^S-methionme translation artifacts and hybrid selected-translated 
RNA was performed using a 10$ Laemmli Gel (2 7 ) followed by 
fluoroggaphy as described by Bonner and Laskey (28) and exposure 
to Kodak X-omat film. Analysis of the two estrogen-regulated 
proteins utilized an acrylamide/urea gel system initially 
described by Shapiro et al . (2 9 ) and modified by Bethesda 
Research Laboratory. The system has a resolving gel consisting 
of 13-15$ acrylamide (BioRadj bisiacrylamide 0.8*30), 0 . 1  M NaPO^, 
pH 7 .2 , 0.1$ SDS, 6 M urea (ultra pure). The stacking gel consists 
of 3*5$ acrylamide with the same concentrations of NaPO^, SDS,
8and urea as the resolving gel. The sample buffer contains 10 mM 
NaPO^, pH 7.2} 7 M urea} 1$ SDSj 1$ 2-mercaptoethanol, and 0.1$ 
bromophenol blue. The running buffer consists of 0.1 M NaPO^, 
pH 7.2 and 0.1$ SDS. The gels are run at 5-6 volts/cm of gel 
for 6-7 hours. For protein staining gels, the proper dilution 
of protein was obtained using KEN buffer (50 mM KPO^i 20 mM EDTAt 
200 mM NaCl, pH 7 . 3 ) . The protein staining process follows the 
silver stain procedure described by Oakley et al. (30) using the 
modifications described for gels with acrylamide concentrations 
greater than 10$. Therefore, the gel was soaked in 50$ methanol/ 
10$ acetic acid for 45 minutes, washed in 5$ methanol/7$ acetic 
acid overnight, followed by the normal silver stain procedure.
The acrylamide was deionized for 30 minutes using a mixed bed 
resin (BioRad AG501-X8(D)) followed by filtering through Whatman 
paper in order to reduce the background observed with the silver 
stain procedure. Non denaturing agarose gel electrophoresis was 
carried out in 40 mM Trisj 20 mM Na acetatei 18 mM NaClj and 2 mM 
EDTA, pH 8.0.
4. In vitro Labeling of Xenopus Liver Cubes. The liver
organ culture procedure is similar to that of Wolf and Quimbly (31)
and Rothstein (32 ’• One male toad was injected with 2.0 mg of
estradiol-17/3 twice 48 hours apart and the liver was excised 48
hours after the second injection. An uninduced liver was obtained
the same day as the induced liver. The liver was cut into 3-5 mm
pieces and rocked at 5 cycles/minute for two days in 0.65X Wolf
and Quimbly medium containing Penicillin, Streptomycin, and
Fungizone as antibiotics. Estradiol-17^ in redistilled propylene
glycol was added to induced liver to a final concentration of 
-610“ M while an equal volume of propylene glycol was added to
9uninduced liver. Cells were labeled with 50 uCi of 3H-leucine/ml 
of medium in media containing O.O65X cold leucine for nine hours. 
The medium was then collected, PMSF and benzamidine were added to 
a concentration of 20 ug/ml medium, ultracentrifuged at 2°C for 
30 minutes at 40,000 RPM (Beckman 40 rotor), and the supernatant 
was lyophilized to concentrate protein in the media. After 
several media changes over a period of 24 hours the liver cubes 
were then labeled with 50 uCi 3H-leueine/ml medium in medium 
containing no cold amino acid for 45 minutes and then washed with 
complete media for 10 minutes. The cubes were blotted dry and 
homogenized in 10 volumes (w/v) of homogenization solution (50 mM 
Tris-HCl i 0.8 M NaCI? 100 ug/ml PMSF, and 1% deoxycholate) with 
15 strokes of a teflon-glass homogenizer rotating at 600 RPM. Cell 
debris were removed by centrifugation at 1 6 , 3 0 0 x g for 1 5 minutes 
at 2°C and the supernatant was ultracentrifuged at 2°C for 45 
minutes at 40,000 RPM (Beckman 40 rotor). The homogenate was 
collected, avoiding the pellet an3 lipid layer, and lyophilized 
to concentrate protein.
5« Xenopus Liver RNA Extrac tion,. Total liver RNA was 
extracted from uninduced male Xenopus using a modified procedure 
of Shapiro and Baker (6 ). Liver was excised, perfused, and 
minced in rinse buffer (25 mM Tris-HCl, pH 7.6 ? 250 mM sucrose?
25 mM KClj 5 mM MgCl^? 50 ug/ml heparin, and 10 ug/ml PVS) at 
0°C and homogenized in 10 volumes (w/v) of homogenization buffer 
(200 mM Tris-HCl, pH 8.5? 50 mM KC1> 50 mM MgCl,? 2 mM EGTA\
50 ug/ml heparini 10 ug/ml PVS, and 0.5 mg/ml yeast tRNA) at -2°C 
with four strokes of a teflon-glass homogenizer rotating at 
3000 RPM. Triton X-100 was added to 2% and the homogenate
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was centrifuged for 10 minutes at 25,500 x g and -2°C. The 
supernatant was made 50 mM EDTA, 5 mM EGTA, and 1.25# SDS and 
extracted four times with an equal volume of phenolichloroform 
(111). The aqueous phase was ethanol precipitated and washed three 
times at -15°C with 3 M Na acetate, pH 5*5 containing 10 mM EDTA 
and 1 mM EGTA followed by reprecipitation with ethanol.
6. Xenopus Kidney RNA Extraction. RNA from kidneys quick- 
frozen and stored at -70°C over a period of several months was 
extracted using a modification of the procedure of Chirgwin et al. 
(33)* Frozen kidneys were added to 11 volumes (w/v) of 4 M 
guanidine thiocyanate (Fluka)j 0.5# N-lauroylsarcosine (Sigma)\
25 mM Na citratei 0.2# antifoam A (Sigma), and 0.1 M 2-mercaptoethanol 
and homogenized with a Polytron homogenizer at full speed for 
60 seconds. The resulting solution was centrifuged for 15 
minutes at 23»000 x g and 10°C and acetic acid was added to the 
supernatant to lower the pH to 5*2 followed by ethanol precipitation. 
The precipitate was resuspended in 7.5 M guanidine hydrochloridei 
25 mM Na citratei and 5 mM DTT, pH 7.0 followed by acetic acid 
addition and ethanol precipitation. This procedure was performed 
a second time followed by washing of the pellet two times with 
absolute ethanol at room temperature to remove residual guanidine 
hydrochloride and then ethanol precipitation. The pellet was 
washed two times with Na acetate at -15°C as described in the 
liver extraction procedure and then reprecipated.
7* iH vitro Translation. Hybrid selected RNA was translated 
in an mRNA dependent, micrococcal nuclease treated, rabbit 
reticulocyte lysate system derived from that of Pelham and 
Jackson (34) and purchased from BRL (Gaithersburg, Maryland).
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The radioactive amino acid used was -^S-methionine (Amersham) and 
after incubation for 90 minutes at 30°C, 3 ug ,f pancreatic 
RNase A in 30 mM EDTA was added followed by an additional 15 
minutes of incubation at 35°C. After this time, aliquots were 
spotted onto Whatman 540 filter paper and the TCA precipitable 
counts were determined. Xenopus l.Wer and kidney RNA were 
translated in an mRNA dependent wheat germ extract translation 
system. Wheat germ was a generous gift of Dr. B. Kemper with the 
extract prepared according to Roberts and Paterson (35) and 
translation conditions following the suggestions by Roberts and 
Paterson (35) and Kemper et a^. (36). Briefly, the extract was 
prepared by grinding 6 g of wheat germ with 6 g of acid washed 
sand in 28 ml of lysis buffer (20 mM K-HEPES, pH 7.6| 100 mM KCli 
1 mM Mg acetatei 2 mM CaClp, and 6 mM 2-mereap toethanol) for 5 
minutes. The resulting slurry was centrifuged at 30,000 x g 
for 10 minutes at 0°C. To the supernatant 1/20 volume of 
preincubation energy solution (73 mg/ml creatine phosphate) 21 mM 
ATP| 0,4 mM GTPi 0.5 mg/ml creatine phosphokinase, and 40 mM 
DTT, pH 7.0) and 1/40 volume of 0.1 M Mg acetate was added 
followed by incubation for 13 minutes at 30°C. The lysate was 
then passed through a G25 sephadex (Pharmacia) column at 4°C and 
the most dense fractions were combined and frozen in liquid 
nitrogen. The translation reaction utilized 5 ul of wheat germ 
extract, 2-8 ug of total RNA or 1 ug of poly A RNA, 5-15 uCi of 
■^S-methionine (Amersham) or 10 uCi of %-leucine (New England 
Nuclear), in a reaction mixture containing 24 mM HEPES, pH 7.0*
2 mM Mg acetate) 84.5 mM KC1> 0.04 mM spermine) 1 mM DTT) 1 mM 
ATPj 0.025 mM GTP) 8,8 mM creatine phosphate, and 0.03 mM of all
IP
the amino acids except the radioactive one. The reaction was 
incubated at 23°C for 60 minutes and the TCA precipitable counts
Ikwere then determined as described before. C-labeled protein 
standards? were generated by Michael LaBate in the laboratory 
using the KaCNBHy'Formaldehyde procedure described by Jentoft 
and Dearborn (37)•
8 . Plasmid Growth and Isolation. The growth and amplification 
of pUN18 followed the procedure described by Monahan (3 8). After 
16 hours of incubation the cells were centrifuged at 2 , 9 0 0 x g for 
15 minutes at 4°f), resuspended in 0 .9# saline, pooled, and 
centrifuged at 10,400 x g for 10 minutes at 4°C. The cells 
were resuspended in 25# sucrosej 50 mM Tris, pH 8.0 and lysozyme, 
EDTA, and Triton-lysis buffer (0.1# Triton) 60 mM EDTA> and 50 mM 
Tris, pH 8.0) was added. The resulting viscous solution was 
centrifuged at 30,000 RPM (Beckman 5 0 . 2 Ti rotor) for 30 minutes 
at 4°C and RNase A (0.775 mg in 50 mM Tris, 60 mM EDTA) was added 
to the supernatant followed by incubation for 30 minutes at 37°C.
10X SET (1.5 M NaClt 0.3 M Trisi 0.022 M EDTA) was added to a 
final concentration of 2X and 1.5 mg of Proteinase K in IX GET 
was added followed by incubation for 30 minutes at 45°C. The 
DMA was extracted with an equal volume of phenol(chloroform (1*1) 
followed by a single chloroform extraction and ethanol preeipi nation. 
The pellet was dissolved in IX SET, 0.1# SDG in ?5 mg/ml sucrose, 
heated for 1 minute to 65°C, and run through a Biogel A - 50 (bi Rau) 
column to separate from plasmid from RNA. Fho plasmid wa.: e th mo 
precipitated and redissolved in TEE (1 mM Tri.:; 1 mM EDTA; o.l mM 
EGTA).
9. Restriction Enzyme Digestion of pin;id. Puri fie; plasmid
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was added to IX TA buffer (33 mM Tris-aeetate* 66 mM K-acetatej 
10 mM Mg-acetatej and 0,5 mM DTT, pH 7.9) and Bam HI (8 units/ul, 
BRL) was added followed by incubation at 37°C until a 3,75 fold 
overdigestion was obtained, NaCl was added to 0,5 M and 
Proteinase K was added to 0.5 mg/ml followed by incubation for 
45 minutes at 37°C. Plasmid was phenol, chloroform, and diethyl 
ether extracted, ethanol precipitated, and resuspended in TEE.
10. Hybrid Selection. The procedure followed is very 
similar to that described by Parnes et al. (39). 25 ug of
linearized plasmid was diluted to 1.5 ml with 1 mM Tris, 1 mM 
EDTA, boiled for 10 minutes, 1,5 ml of 1 M NaOH was added and 
the solution was incubated for 20 minutes. The solution was 
neutralized with 9 ml of binding buffer (1.5 M NaCli 0,15 M 
Na citratet 0,25 M Tris-HCl, pH 8.0, and 0.25 M HC1) and bound 
to a nitrocellulose filter (millipore, 2,5 cm diameter, 0.45 urn 
pores) by gravity filtration (1.3 ml/minute). Filters were 
washed with 0.9 M NaCl/0.009 M Na citrate 5 times using 5 ml 
washes and baked for 3 hours at 85°C in a vacuum oven. A sterile 
one-hole paper punch was used to produce 0.5 cm discs from the 
filter and 7 filters were put in a sterile 1.5 ml microfuge tube. 
In a separate tube, 71 ug of total RNA was heated to 70°G for 
10 minutes in 1 25 ul of hybridization solution (65$ (vol/vol) 
leionized formamide* 20 mM Pipes, pH 6,4* 0,2$ SDS* 0.4 M NaCl, 
and 0.1 mg/ml calf liver tRNA (Boehringer Mannheim)) and then 
adde< t the tube containing the filters. The filters were 
incubated t 49°G for 3 hours and then transferred to a 15 ml 
plast ic tub. , washes at 5 (by vortex mixing and aspiration) 
nine imes wit 5 ml of J.G1 b Tris-!: 2 1, pH 7 .6 * 0.15 M NaClt
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1 mto EDTA, and 0.3ft SOS and two times with 5 ml of the 
buffer without SOS. For elution of hybridized RNA the filters 
were transferred to a 1 ,5  ml microfuge tube and 300 ul of water 
containing 0,1 mg/ml of calf liver tRNA was added. The tubes 
were boiled for 1 minute, quick frozen in a dry ice/ethanol bath, 
thawed, and the filters were removed. Na acetate, pH 5«5 was 
added to 0,2 M and the RNA was precipitated with 2 volumes of 
ethanol. The precipitates were washed with 95ft ethanol (vol/vol), 
lyophilized, and resuspended in water for translation.
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RESULTS
The general approach for the identification of an abundant 
estrogen-regulated protein was to compare the patterns of induced 
and uninduced Xenoous serum proteins obtained by acrylamide gel 
electrophoresis and staining. A distinction must be made between 
plasma and serum- I have actually collected Xenopus plasma 
since by definition, serum is defined as plasma which has been 
allowed to clot to remove the fibrinogen material. Plasma was 
allowed to clot and after centrifugation, the supernatant was 
analyzed by gel electrophoresis. Since plasma and serum 
exhibited the same protein banding patterns in the molecular 
weight range of interest (3,000-70,000 daltons), I will make 
reference to Xenopus plasma as serum. It was found that a 10J6 
Laemmli gel can only resolve proteins to about 20,000 daltons 
and therefore was unacceptable in order to look for apo VLDL II 
in Xenopus. The use of an Acrylamide/urea gel system proved 
useful for analyzing proteins in the molecular weight range of 
3 ,000-kO, 000 daltons.
Figure 1 shows the banding pattern observed for Xenopus 
serum using the acrylamide/urea gel system followed by silver 
staining. The silver stain procedure for protein staining was 
used because it was shown to be ten times more sensitive than the 
coomassie blue staining procedure (30) and it has been reported 
that small molecular weight proteins tend to be washed from the 
gel using the coomassie blue technique (40). Comparison of lane 3 
with lanes 2 and ^ show that there are several characteristic 
differences between induced and uninduced serum. The induced 
serum in lanes 2 and k were taken from two different animals
which underwent chronic estrogen stimulation and show that a 
protein of about 5000 daltons along with several others is 
induced by escrogen, while a protein of about 15,0 0 0 daltons 
appears to disappear after estrogen administration. The 15K 
protein, being a major protein in uninduced serum, is still 
present in serum collected from one toad although to a lesser 
degree than uninduced serum while it appears to be almost completely 
absent in serum collected from a different toad.
The analysis of induced and uninduced serum provided a 
general protein banding pattern that one could expect upon upon 
gel electrophoretic analysis. However, several inconsistencies 
were observed with the estrogen-regulated proteins of molecular 
weight 15K and 5K. The 15K protein was found to disappear from 
serum only upon heavy estrogen induction, with mildly induced 
toads apparently secreting the same amount of protein as 
uninduced toads. Also, the 5K protein seems to be present in 
both uninduced and induced toads with only a mild stimulation of 
protein secretion occurring with induced toads, vitro labeling 
of Xenopus liver cubes would provide a better understanding of 
the dynamic processes involved in the synthesis of these proteins.
Figure 2 shows the protein pattern obtained from both
secreted protein and intracellular liver protein after labeling
3
liver cubes with H-leucine. The results show that the 5K protein 
is present in significantly greater concentrations in induced 
serum compared to uninduced serum and the 15K protein is 
dramatically repressed by estrogen. Comparison of secreted 
protein with intracellular protein shows that only a snail amount 
of either the 15K or 5X protein is present inside the cell 
supporting the idea that both of these proteins serve a function
1?
in serum and not intracellulariy. Therefore, the results presents# 
show that estrogen both stimulates and represses two low molecular
y'
weight serum proteins in Xenopus. However, determination of . / ®
s.
the nature and function of these two proteins remained to be 
achieved as well as identification and cloning of their mRNAs.
Several attempts were made to partially purify and further 
characterize the two proteins regulated by estrogen but this 
was found to be a more difficult task than originally thought.
Since these two proteins had no known function, the only protein 
assay that could be used was electrophoretic analysis using the 
acrylamide/urea gel system. Ammonium sulfate fractionation was 
performed but the %  and 15K proteins were not precipitated within 
a certain ammonium sulfate range. Gel filtration was then 
attempted using sephadex G25, G50, and G100 resin using high salt 
PBS as the column buffer but the two proteins were eluted in the 
void volume, Theoretically a sephadex G50 column should resolve 
these two proteins away from other serum proteins if their 
oligomers are the same size as their monomers. Since the two 
proteins fractionated in the void volume it appeared that the 
proteins were aggregating to themselves or to other proteins in 
the serum. Thus, protein purification attempts were made under 
disaggregating conditions. G50 sephadex filtration using high 
salt PBS containing 0.3# Tween-80, a mild detergent, or a buffer 
consisting of 3»?5 M guanidine-HCli 25 mM Na citrate, pH 7.0 was 
performed which could still not resolve the two proteins away 
from the void volume. From these experiments it appears that 
both of these proteins exist in a very aggregated state in serum
and/or exist as dimers or tetramers in their natural state.
By analogy with the well-studied avian apo VLDL II it was 
thought that the 5K protein was the comparable very low density 
lipoprotein in Xenopus. By taking advantage of the association of 
lipid with protein, one can effectively separate lipoproteins 
away from other proteins on the basis of their densities. VLDL 
has a characterstic density of less than 1.0 0 6 g/ml (41) with 
normal proteins having a sufficiently greater density enabling 
separation by high speed centrifugation. To determine if the 5K 
protein was actually a lipoprotein, KBr was added to induced 
Xenoous serum at 4°C to raise the serum density to approximately 
1.01 g/ml. The serum was then centrifuged at 40,000 RPM 
(Beckman 40 rotor) at 4°C for 20 hours. The upper, lipid layer 
was separated from the rest of the serum and upon electrophoretic 
analysis, the upper serum layer was found to be significantly 
enriched in the 5K protein compared to the lower layer. Therefore, 
the 5K protein is assumed to be the analogous apo VLDL II in 
Xenoous and will be referred to as such in future writing.
The isolation and characterization of the mRNAs coding for 
these two proteins was the next important step leading to the 
cloning of their cDNA and eventually their genomic DNA.
Figure 3 shows the banding pattern obtained when total liver or 
kidney RNA is translated in an mRNA dependent wheat germ extract 
system followed by gel electrophoresis and fluorography.
Induced RNA was prepared by the guanidine thiocyanate method 
and poly A RNA was generated by running total RNA thru an oligo 
(dT) cellulose column by David Shapiro. This gel clearly 
shows the contrast between induced and uninduced animals at the 
mRNA level indicating that the estrogen effect on these two
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proteins is at the mRNA level. It appears that the 15K protein 
is repressed to a greater extent than the VLDL II protein is 
stimulated in induced animals, and both the 15K mRNA in induced 
and the VLDL II mRNA in uninduced liver appear to still be 
present, indicating that neither of these genes appear to be 
totally dependent upon estrogen for expression or nonexpression. 
Analysis of the translation products of uninduced kidney RNA 
indicate that VLDL II is not synthesized in uninduced kidney 
while the 15K protein mRNA may be present to a small degree 
although this cannot be conclusively proven.
With the isolation of induced and uninduced liver RNA it 
was possible to compare the protein products from Aq vitro 
translation and Ac vitro labeling of liver cubes. Figure 2 
compare > the proteins resulting from As vitro wheat germ 
translation of induced and uninduced RNA with Ae  vitro labeled, 
secreted and intracellular, liver proteins using ^H-leucine.
It was observed that the Ae vitro translated 15K and VLDL II 
proteins were of an apparently larger size than the two proteins 
which were secreted from the liver cubes. Using the ^C-labeled 
proteins as molecular weight standards the apparent molecular 
weight of the two proteins from translation and liver culture could 
bo determined (Figure A). It was found that the 15K protein from 
translation had an apparent molecular weight of 15 ,3 0 0 daltons 
while the protein secreted from liver cubes had a molecular 
weight of 1 3 ,600. The VLDL II protein f ^ m  translation had a 
molecular weight of 5,90 0 deltons while the liver culture protein 
had a molecular weight of if,600. This data agrees with the
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VLDL II data from the avian system in which SDS gel electrophorei 
analysis of the translated and purified protein gave a 
molecular weight difference of 1,500 daltons. In vitro translated 
avian VLDL II mRNA has been shown to contain a signal peptide 
23 amino acids in length (43).
The cloning of Xenoous albumin cDNA into a plasmid labeled 
pUN18 along with a hybridization-translation assay for identification 
of the proper clone has already been performed in this laboratory 
(43). The problem with this assay was that the experiment was 
difficult to duplicate and since the time the experiment was 
performed, better hybrid selection assays have been described.
The experiment I performed utilized a more modem procedure for 
hybrid selection. Figure 5 demonstrates the steps involved in 
preparing the plasmid containing albumin cDNA for hybrid 
selection. The plasmid must first be purified from any RNA and 
then be linearized by digestion with Bam HI to allow separation 
of the two strands and proper hybridization conformation. Figure 6
shows the necessity of incubating the completed reticulocyte 
lysate translation reaction with RNase A in order to remove many 
of the translation artifacts which occur when -^S-methionine is 
used as label. The fact that most of these bands disappear 
upon RNase A treatment indicates that these may be amino acyl 
tRNA complexes although the band at about 42,000 daltons appears 
to be an endogenously translated protein or a protein which 
radioactive methionine "sticks" to. It also appears that not 
boiling the translated protein in SDS and 2-mercaptoethanol 
helps to reduce artifacts which include a band at about 42K,
but does not affect the migration pattern of translated poly-
: H-
peptides. This further suggests that the 42K artifact is a protein 
complex which migrates with a greater molecular weight if it is 
not disaggregated by boiling in SDS. However, it is unclear if 
methionine is being incorporated into a polypeptide or merely 
adhering to a protein complex. Figure 7 illustrates the results 
obtained from the hybrid selection assay. The observation of 
a predominant albumin band in hybridization utilizing the clone 
containing the albumin cDNA, while no albumin band is observed 
with incubations with blank filters of pBR 322 DNA, shows that 
the albumin roRNA was specifically hybridized to the pUN18 clone.
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DISCUSSION
The analysis of kidney RNA by vitro translation m s
Stimulated by the studies of David Williams. He
reported that apolipoyrotein 1 , a hi$i molecular might lipo­
protein found in roosters which exhibits both estrogen-dependent 
and estrogen-independent modes of expression (44), is synthesised 
in tfee kidney, intestine, and liver (45). This finding indicates 
that the kidney may tea significant source of plasma lipoproteins.
The observation that the VLDL II mRNA does not appear present in 
kidney indicates that Xenoous kidney does not secret this particular 
lipoprotein. However, since the function of both proteins is 
unknown and since induced kidney was not examined, a role for 
kidney in synthesis of these proteins is not totally excluded,
The discovery of the possibility of signal sequences associated 
with both of these secreted proteins supports previous studies 
on secreted proteins. The studies of Milstein gl, (46) and 
Blobel and Dobberstein (47,48) indicate that secretory proteins 
are initially synthesized as intracellular precursor molecules 
which contain a highly hydrophobic NHg-terminal extension of 
15-30 amino acids. According to Blobel's "signal hypothesis", 
segregation of specific secretory proteins in the rough endo­
plasmic reticulum is accomplished by a metabolically short­
lived "signal" sequence in the nascent polypeptide chain. This 
unique sequence would result from the translation of codons 
located in immediate proximity to the 3 ' end of the initiation 
codon. Once the signal sequence "leads” the nascent polypeptide 
chain across the endoplasmic reticulum, it is removed by a 
specific peptidase and is no longer present in the final secreted
protein.
With «te eharacf srizat' >n 'f thi mRNAs coding for the two 
estrogen-regula ted proteins, tie gent ation of cDNA complementary 
to these two mRNAs followsc by double strand cDNA synthesis and 
recombination of the cDNA into pP . 32 could be pursued. Upon 
recombination of this plasmid into a strain of E. coli. a method 
of selection for the transformed bacteria containing the appropriate 
cDNA would have to be developed. cDNA was being made from a 
heterogenous population of 5-U S  size fractioned mRNA which 
would yield a cDNA library in which the desired clone represented 
only a fraction of the total clones. Therefore, the ability to 
select for the proper clone from a large population of 
recombinant bacteria iB an essential and critical step enabling 
future work in the characterization of these two estrogen-
regulated genes. The initial identification of clones containing
\
the proper cDNA will be through the use of plus/minus hybridization. 
This simple method is based on the fact that uninduced liver 
oells contain an mRNA (corresponding to the 15K protein) which 
is in much smaller amounts in induced cells , and uninduced 
cells contain an mRNA (for the VLDL II protein) which is rare in 
uninduced cells. Thus, for selection of the VLDL II clone, 
unlabeltd cDNA from uninduced 5-U S  mRNA would be hybridized to 
the cDNA library. Radioactive cDNA from induced 5-HS mRNA which 
contains the VLDL II mRNA would then be hybridized to the library. 
The colony which is found to be radioactive would appear to 
contain the desired clone. The use of the hybrid selection assay 
is to further prove that the clone identified by plus/minus
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selection actually contains the cDNA complementary to the mRNA 
of interest. This assay has proven to be a relatively quick and 
sensitive assay for determination of clones containing sequences 
complementary to the desired mRNA.
This project has demonstrated the existence of two small 
estrogen-regulated proteins secreted by the liver in Xenoous 
laevls. The genes coding for these two proteins provides for a 
unique system to study eukaryotic gene regulation due to the 
fact that one gene appears induced by estrogen while the other 
is repressed by estrogen. Therefore, determination of the 
mechanism of action and factors involved in these two completely 
opposite events may significantly aid the elucidation of the 
mechanisms governing eukaryotic gene expression.
Figure 1. Protein Banding Pattern o£ Induce^ and b. .induced 
Xenopue Serum Resulting From 151> Acrylamide/Urea Ge ^
Stectrophoipeela*
Lanes 1 and 5 are molecular weight standards (BRL) (p=ovalbumin, 
43,000 daltonsj q=*-chymotrypsinogen, 2 5,700j r=£-lactoglobulin, 
18,400i s=lysozyme, 14,300 and cytochrome c, 1 2 ,3 0 0i t=bovine 
trypsin inhibitor, 6,200j u=insulin, about 3»000). Lane 2 is 
serum from a chronically induced animal. Lane 3 is uninduced 
serum. Lane 4 is serum from ar. animal different from lane 2 
which has undergone chronic estrogen stimulation.


figure ?> Fluorographv af in vitro 3fl-a.e^cine labeled Protein
££Si Xanoaig l i x f i i  OuteM m i  U X 2 £ 'M A-
Lane 1 is the wheat germ translation control containing no added 
RNA, indicating the amount of endogenous protein synthesis 
occuring in the extract. Lane 2 is wheat germ translated 
uninduced RNA. Lane 3 is secreted protein from uninduced liver 
cubes. Lane 4 contains intracellular protein from uninduced
4 k
liver cubes. Lane 5 is C-labeled protein standards (R=bovine 
serum albumin. 66.200 daltonsi SBovalbumin, 45,000i T=light 
chain ofH-globulin, 2 3»000j U*myoglobin, 17»200| V®insulin, 
about 3,000). Lane 6 is wheat germ translated induced RNA. Lane 
7 is secreted protein from induced liver cubes. Lane 8 is 
intracellular protein from induced liver cubes. Lane 9 is 
translated uninduced poly A RNA.
Lane P is the wheat germ translation control containing no added 
mRNA, checking for endogenous protein synthesis. Lane Q is 
induced liver RNA. Lane R is uninduced liver RNA. Lane S is
lli
C-labeled protein standards (from top to bottom* bovine 
serum albumini heavy chain of t -globulin, ovalbumin, myoglobin). 
Lane T is uninduced kidney RNA. Lane U is uninduced poly A 
liver RNA, Lanes Q, R, T, and U contain an equal number of TCA 
precipitable counts.
Figure 3. Fluorography £f Wheal; Sera Translated RN^ .
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Figure > . Moleculay Weight Comparison of In vitro Translated 
Mid &  vitro Liver Culture Labeled Prof in.
Protein standards (•) are bovine serum albumin, ovalbumin, 
light chain of t -globulin, myoglobin, and insulin. (A) is the 
migration distanee for the* vitro translated 1%  protein.
(A) is the migration distance for the 15K protein secreted from 
uninduced liver cubes. ^|) is the migration distance of the in 
vitro translated VLDL II protein, ft}) is the migration distance 
for the VLDL II protein secreted from induced liver cubes.
Lane A contains 1.0 ug of pUN18 which was known to be linearized 
by Bam HI. Lane B contains O .6 5 ug of the Bam HI incubation 
with purified plasmid. Lane C contains molecular weight 
standards generated from Hind III digestion of ^ (molecular 
weights from top to bottom are 2 3,700, 9»460, 4,260, 2,260, 1,980 
600, and 400 nucleotides. Lane D is 0.75 ug of purified plasmio 
which has not been incubated with Bam HI. Lanes B and F are 
void volume fractions from the Biogel A -50 column used to 
separate plasmid DNA from RNA. Lane G is the fraction collected 
after the void volume showing the presence of RNA and 
demonstrating that plasmid was quantitatively separated from 
contaminating RNA. Lane H is molecular weight standards. Lane 
I is O .6 3 ug of known pUN18 which had been previously purified.
Figure 5. Agarose GgJL Analysis o| £Mi2-
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